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Description 

This invention relates to a new reaction wherein 
an enol acylate is reacted with CO and a hydroxy! 
compound to add an este rifled carboxy group to 
the vinyi enol carbon atom of the enol acylate. 
The enol acylate may be vinyl acetate in a now 
preferred embodiment of the process, and the 
esterified product can be hydrolyzed to produce 
lactic acid. 

More specifically, according to the present 
invention we provide a process comprising 
intimately admixing and reacting an enoi acylate, 

R^C— O-Acyl, 
I 

R 

with CO and a hydroxyl compound 
L 

/ 

HOC — L' 

\ 

which is free of ethyienic or acetyl enic 
unsatu ration to produce an acyloxy ester 
compound, 

OAcyl L 
I / 

(A) R2CHCCO2C — L', or 

" T \ 
R L", 

a hydroxy ester compound, 

OH L 

I / 

(B) R2CHCCO2C — L' 

I \ 
R L"« 

or both wherein 

each R is H or d to C30 hydrocarbyl, usually H or 
Ci to C, 0 hydrocarbyl, and each R is the same or 
different and L, L' and L" are each H or an organic 
radical and L and L' can be members of a ring 
together with C, and x either is zero or 1 as 
necessary to satisfy the valence of the carbon 
atom, and wherein each of U L\ and L" and said 
Acyl radicals can contain up to 30, usually up to 
10, carbon atoms. Most usually each R group Is 
limited to a maximum of 10 carbon atoms, all of 
which are members of an open chain hydrocarbyl 
group. 

In a more particular aspect of the invention the 
enol acylate reactant is a vinyi acylate, 
H 2 C=CH0Acyi, (the foregoing enol acylate where 
ail R*s are H) and compounds (A) and (B) become 
respectively, compounds (C) and (D>: 
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(D) 



OH L 

I / 
CH 3 CHC0 2 C— L* 

\ 



(C) 



OAcyl L 

I / 
CH3CHC0 2 C-L' 

\ 

L" 3 
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In all of the above L, L' and L" and the residue 
of the Acyl attached to the Acyl 0 atom are 
usually hydrocarbyl. Moreover, the enol acylate is 
always free of acetyienic unsaturation and 
contains only one ethyienic double bond. 

In another aspect of the invention, there is 
provided a two step process in which the product 
(A) and/or (B) including (C) and/or (D) is hydro- 
lyzed to the alpha hydroxy acid: 

OH 
I 

(E) R 2 CHCC00H, or 

I 

R 

OH 

I 

(F) CH3CHCOOH, lactic acid 

The process of the present invention when 
applied to a vinyl acylate reactant is of special 
importance since compounds (C) and (D) are 
precursors of lactic acid, compound (F), important 
commercially in the baking industry, in the cheese 
industry. In dying wool, in aikyd resins, to make 
plasticizers for resins, etc. It is particularly 
applicable when the vinyl acylate is vinyl acetate, 
since the latter raw material is inexpensive and 
readily available. 

This embodiment of the invention, the last- 
mentioned aspect, is especially important since 
lactic acid has heretofore been made by relatively 
disadvantageous processes. 

Thus, lactic acid is currently produced either by 
fermentation, usually of molasses, or by a multi- 
step non-catalytic route involving HCN hydro- 
cyanation of acetaldehyde followed by hydrolysis 
of the product cyanohydrin with H2SO4 to yield a 
stoichiometric amount of (NH 4 ) 2 S0 4 along with 
lactic acid. The fermentation process is costly and 
inefficient in that it produces large amounts of 
by-products, making product purification 
expensive and troublesome. The chemical route 
is highly corrosive, consumes stoichiometric 
amounts of toxic HCN and HjSO* is expensive, 
based on HCN prices, and produces stoichio- 
metric quantities of ammonium sulfate, a low- 
grade fertilizer difficult to sell at a profit 

It is an object of the present invention to 
provide a process for making compounds of the 
formula (A) or (B), precursors for 2-hydroxy- 
carboxylic acids, including compounds of 
formulas (C) and {D), precursors for lactic acid, by 
an economically advantageous route. 

It is another object of trie invention to provide 
such a process for making lactic acid precursors, 
and for making lactic acid therefrom by 
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hydrolysis, which avoids the disadvantages of the 
foregoing conventional processes. 

Other objects, as well as aspects, features, and 
advantages of the present invention will become 
apparent from the description, examples and 
daims herein. 

The foregoing objects are realized according to 
the process of the present inventions, which 
process utilizes inexpensive CO to replace HCN as 
the carbon source and is capable of producing the 
esters of compounds (A) and (B) in high yields at 
high conversions and se Activities, Furthermore, 
the present process results in essentially no 
non-recyclable or other undesirable by-products. 
Note that compounds (A), (B), (C) and (D) are 
hydroryzable to the 2-hydroxy carboxylic acid, 
lactic acid in the case of (C) and (D). 

We believe that we are the first to discover or 
disclose the carbonylation or cartooxyiation reac- 
tion of an enol acytate with a CO and a hydroxy! 
compound such as an alcohol or the like. 

Thus, in U.S. Patent 4,257,973 there is disclosed 
in column 2 the a I koxy carbonylation of certain 
alcyloxyolefintc compounds in which the acyioxy 
group is attached to a carbon atom which is part 
of a hydrocarbyl group which is in turn attached 
to a carbon atom of an ethytenic double bond. A 
similar structure Is disclosed in U.S. Patent 
3,859319. However, neither patent discloses the 
reaction of the alkoxycarbonylation of an enol 
acyiate with CO and a hydroxy! compound, 
although each prior art patent discloses this type 
of reaction with a very wide variety of aliphatically 
unsaturated compounds, using particular organo- 
phosphorous palladium halides as catalysts. 

U.S. Patent 4,377,708 discloses the hydro- 
carboxylation of enol esters such as vinyl acetate 
and other vinyl esters using CO and water as 
reactants with the enol esters. Special pre- 
cautions are taken to provide for stability of 
catalyst, product and starting material in the 
presence of the water reactartt, and care must be 
taken to provide for the presence of only a small 
fraction of the water required for the reaction; 
thus usually the water is kept at a concentration of 
no more than about 3 weight percent of the 
reaction medium, so as to avoid hydrolysis of the 
ester starting material such as vinyl acetate to 
form an enol and a carboxylic add, which enol 
can and will rearrange to an aldehyde. 

The present process avoids the problem of 
hydrolysis with water. Furthermore, as will be 
seen, much higher yields can be produced in the 
present process; the best in U.S. 4,377,708 being 
76 percent selectivity at 98 percent conversion, 
amounting to about 74.5 percent yield, well below 
the yield of products hydroryzable to lactic acid 
that can be made in the present process. 

German patent 1,221,224 discloses carboxyla- 
tion with CO and alcohols or phenols. The sub- 
strates disclosed are olefinic compounds but do 
not include any enol acylates. Swiss patent 
589,571 is similar and also does not disclose any 
enol acyiate starting material. 

Enol acylates are potentially subject to the 



probability or possibility of instability in a reaction 
involving an alcohol or the like because some 
transesterification could take place to make an 
enol, which is unstable and would decompose to 

5 a saturated aldehyde. No such problem exists in 
the alkyicarboxyiation of olefinic materials such 
as ally! acetate or methyl aery I ate because no 
enols are potentially involved. 
The hydrocarboxylation reaction is carried out 

10 catalytically, discussed in more detail hereafter. It 
can also be carried out continuously or in batch 
operation in the liquid or vapor phases. Usually 
the reaction is carried out in batch operation in a 
solvent under pressure. 

is The reactant concentrations can vary widely 
and are not critical. The ratio of hydroxy! reactant 
to the enol ester is usually no greater than 10/1 on 
a molar basis. The amount of monoxide can vary 
widely, but it is preferred to carry out the reaction 

20 under a carbon monoxide pressure of 15 to 3500 
psig (103.4—24,132 kPag), preferably 500 to 2500 
pslg (3,447—17, 237 kPag). The mount of catalyst 
can also vary widely. Most conveniently, the 
amount of catalyst is between 0.01 and 100 mole 

23 percent based on the enol ester, more usually 0.1 
to 10 mole percent 

Usually, the reactant is carried out with a 
solvent The solvent should be inert under the 
reaction conditions and should dissolve the 

30 reactants and desirably dissolve the active 
catalyst species, although heterogenous catalysts 
are possible. Suitable solvents are tetrahydro- 
furan, benzene, CH 3 CN, diethyl ether, diethylene 
glycol dimethyl ether, CH 2 CI 2 and CH 3 Cl. The now 

35 preferred solvent is tetrahydrofuran, particularly 
when using (<t> 3 P) 2 PdC1 2 or PdfP^)* catalyst, or 
other palladium compounds, although an excess 
of the hydroxy! compound is also especially 
useful. Usually, the amount of solvent in the 

40 system will be such that the enol ester concentra- 
tion is at least about 0.01 weight percent in the 
solution. A special case of a solvent that is not 
inert, strictly speaking, under the reaction condi- 
tions is either of the starting material reactants, 

45 i.e., the enol ester or the hydroxy compound. 
Either can be used in excess of stoichiometric 
amount to react with the other reactant Use of a 
large excess of the compound. 

so L 

/ 

HOC— 1/ 

\ 

55 

whether or not another solvent such as THF, Is 
present, helps produce appreciable amounts of 
compound (B); thus, the Acyl group is transesteri- 
fied during the main carboxylation step. 

so The reaction is normally carried out at a 
temperature of 0 to 250°C, preferably 20 to 150°C. 
However, the reaction temperature can be below 
or above this if desired. As will be understood, 
optimum reaction temperature varies with the 

65 specific reactants. Reaction times on the order of 
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0.1 to 250 hours can be employed, with reaction 
times on the order of 2 to 50 hours being more 
convenient. 

While a wide variety of complexes of transition 
metals are known as catalysts for the hydro- 
carboxylation of aikenes {See, for instance, 1) 
Pino, P., Piacenti, F., in Organic Synthesis via 
Metal Carbonyts, Volume 2, Wender, I., Pino, P., 
eds., Wiley New York, 1977, pp. 233—296; 2) 
Falbe, J., New Syntheses with Carbon Monon- 
oxide, New York, Springer Veriag, Chapter 3 and 
5; 3) Forster, D.,; Hershman, A.,; Morris, D. E., 
Catal. Rev.—ScL Eng. 23, 89—105 (1981); 4) 
Parshall, G. W., Catal. Rev. Sci— Eng., 23, 107— 
124 (1981 ); 5) Bittier, J. V. Kutepow, N., Neubauer, 
D. Reis, H„ Angew. Chem. IntL Ed. Eng„ 7, 
329—335 (1968),) no disclosures were found 
using such catalysts to react an enol acylate with 
CO and an organic hydro xyi compound. Catalysts 
useful are generally transition metal compounds, 
particularly coordination complexes of such 
metals. We have discovered that palladium co- 
ordination complexes are remarkably effective, 
and especially those comptexed with a 
phosphine, such as Pcfe, when considered in the 
light of experience with other known transition 
metal catalyst complexes for hydrocarboxylation 
of aikenes, or for hydroformytation for enol ethers 
or enol acetates (U.S. Patent 3,888,880; B. Fell, M. 
Bari, J. Mot Catal^ 1977, 2, 301—6; Tinker, Harold 
B. (Monsanto) Ger. Often 2,623,673; U.S. 
4,072,709). Especially useful Pd complexes are 
(<J>*P)aPdCl a and (<p 3 P) 4 Pd with or without a 
promoter or "co-catalyst" such as HCI or P$ 3 . 

Once a reaction is completed, the ester 
products can be recovered from the reaction 
system in a conventional manner, such as for 
example, by vacuum distillation. 

Especially useful hydroxy! compounds in the 
reaction with the enol acylates and CO are 
hydroxyalkanes having C, to C 4 carbon atoms, 
and phenol. 

The second step in the overall process of the 
invention is the hydrolysis of the esters (A) and/or 
(B) to the alpha-hydroxy acid, lactic acid in the 
special case of the ester products (C) and (D). This 
reaction is a conventional hydrolysis reaction, tt is 
catalyzed by any dilute aqueous acid or base. 
Suitable acids or bases are HCt, HjSO* HNO3, 
HaPO* acetic acid, KOH, NaOM, NH 4 0H or 
pyridine. The reaction is conveniently carried out 
at temperatures at above 0°C to 120°C f more 
usually about 20 to 100°C If desired, 
non-interfemng hydrophilic solvents other than 
water can be employed. Examples of such 
solvents are tetrahydrofuran, CH 3 CN, and the like. 
Reaction times on the order of 0.1 to 24 hours, 
usually 0.5 to 4 hours, can be employed. 

An alternate method of carrying out the 
hydrolysis of compounds (A) or (B) is to treat (A) 
or (B) with H 2 0 in the gas phase (temperature 
100— 250°C) with or without catalyst 

The 2-nydroxy acid product of the hydrolysis 
can be recovered from the reaction medium in a 
conventional manner. For example, the reaction 



product can be recovered by precipitation as the 
calcium salt. Alternatively, low boiling by-product 
components of the hydrolysis product mixture 
can be removed by fractional distillation, and the 

5 remaining lactic add or other 2-hydroxy acid 
solution in water can be sold as end product 
If the 2-hydroxy acid is produced by the gas 
phase reaction described above, it can be isolated 
in pure form from the reaction effluent by frac- 

10 tional distillation and stored either as pure 
compound or in aqueous solution. 

It will be noted that, as understood in the art, 
aqueous solutions of lactic acid more concen- 
trated than 20 percent will tend to polymerize. 

is The above reaction scheme comprising reac- 
tions (1) to (3) provides a simple and straight- 
forward system for producing 2-hydroxy acids 
using an enol acylate starting material. As can be 
seen, it totally avoids the use of costly and 

20 deleterious HCN and the production of unwanted 
by-product ammonium sulfate, with the 
consumption of large amounts of sulfuric acid. 

The following examples are merely illustrative 
and are not to be considered as limiting. 

25 

Example 1 

0.48 mmoles vinyl acetate and 2.5 mmoles 
methanol were charged into a 71 cc stainless steel 
bomb equipped with a glass liner and a Teflon 
30 coated stir bar. Ten mole percent based on vinyl 
acetate, of a catalyst comprising bis(triphenyl- 
phosphine) dichloropalladium, (<J> 3 P) 2 PdCla, was 
added. 0.05 mmoles toluene was included as an 
internal standard. Five milliliters of tetra hydro- 
ps furan as a solvent were also included in the 
reaction system. The reaction mixture was 
charged under argon. The bomb was sealed and 
carbon monoxide at a pressure of 1000 psi (6,895 
kPa) (at room temperature) was charged to the 
40 bomb, and the bomb was heated to 100°C and 
allow to react for 44 hours with stirring. At the 
termination of the reaction, the reaction products 
were analyzed by gas chromatography and It was 
found that conversion was 84,5 percent and that 
45 methyl 2-acetytoxypropanoate was produced in a 
yield of 81.6 percent and that methyl 2-hydroxy- 
propanoate was produced in a yield of 4 percent, 
based on the vinyl acetate reactant charged. Note 
that each of the products is hydrolyzable to lactic 
50 acid. 

Example 2 

0.50 mmoles vinyl acetate and 2.5 mmoles 
methanol were charged into a 71 cc stainless steel 

55 bomb equipped with a glass liner and a Teflon 
coated stir bar. Thirteen mole percent based on 
vinyl acetate, of a catalyst comprising PdfPifck 
plus 10 mole percent HCI were added. 0.05 
mmoles toluene was included as an internal 

60 standard. Five milliliters of tetrahydrofuran as a 
solvent were also included in the reaction system. 
The reaction mixture was charged under argon. 
The bomb was sealed and carbon monoxide at a 
pressure of 1000 psi (6,895 kPa) (at room tempera- 

65 ture) was charged to the bomb, and the bomb 
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was heated to 100°C and allowed to react for 44 
hours with stirring. At the termination of the 
reaction, the reaction products were analyzed by 
gas chromatography and it was found that methyl 
2-acetyloxypropanoate was produced in a yield of 5 
77 percent and that methyl 2-hydroxypropenoate 
was produced in a yield of 4 percent based on the 
vinyl acetate re acta nt charged. Note that each of 
the products is hydrolyzable to lactic add 
Conversion of vinyl scetate was 89*2 percent io 

Example 3 

0.50 mmoles vinyl acetate and 2J5 mmoles 
methanol were charged into a 71 cc stainless steel 
bomb equipped with a glass liner and a Teflon ts 
coated stir bar. Ten mole percent, based on vinyl 
acetate, of a catalyst comprising RhCl* • H 2 0 plus 
10 mole percent of HI was added. 0.05 mmoles 
toluene was included as an internal standard. Five 
milliliters of tetrahydrofuran as a solvent were 20 
also included in the reaction system. The reaction 
mixture was charged under argon. The bomb was 
sealed and carbon monoxide at a pressure of 
1000 psi (6395 kPa) (at room temperature) was 
charged to the bomb, and the bomb was heated 25 
to 100°C and allowed to react for 40 hours with 
stirring. At the termination of the reaction, the 
reaction products were analyzed by gas chroma- 
tography and it was found that 2-acetyioxy- 
propanoate was produced in a yield of 1 0 percent 30 
and that methyl 2-hydroxypropanoate was 
produced in a yield of 5 percent, based on the 
vinyl acetate reacts nt charged. Note that each of 
the products is hydrolyzable to lactic acid. 

35 

Example 4 

0.50 mmoles vinyl acetate and 2.5 mmoles 
methanol were charged into a 71 cc stainless steel 
bomb equipped with a glass liner and a Teflon 
coated stir bar. Ten mole percent, based on vinyl 40 
acetate, of a catalyst comprising Nil 2 - 6H2O was 
added. 0.05 mmoles toluene was included as an 
internal standard. Rve milliliters of tetrahydro- 
furan as a solvent were also included in the 
reaction system. The reaction mixture was 45 
charged under argon. The bomb was sealed and 
carbon monoxide at a pressure of 1000 psi (6,895 
kPa) (at room temperature) was charged to the 
bomb, and the bomb was heated to 100°C and 
allowed to react for 40 hours with stirring. At the so 
termination of the reaction, the reaction products 
were analyzed by gas chromatography and it was 
found that methyl 2-acetyloxypropanoate was 
produced in a yield of 4.8 percent, based on the 
vinyl acetate reactant charged. 55 

Example 5 

0.50 mmoles vinyl acetate and 2-5 mmoles 
methanol were charged into a 71 cc stainless steel 
bomb equipped with a glass liner and a Teflon $o 
coated stir bar. Ten mole percent, based on vinyl 
acetate, of a catalyst comprising {(^P^NifCOIa 
was added. 0.05 mmoles toluene was included as 
an internal standard. Rve milliliters of tetrahydro- 
furan as a solvent were also included in the 55 



reaction system. The reaction mixture was 
charged under argon. The bomb was sealed and 
carbon monoxide at a pressure of 1000 psi (6395 
kPa) (at room temperature) was charged to the 
bomb, and the bomb was heated to 100°C and 
allowed to react for 44.25 hours with stirring. At 
the termination of the reaction, the reaction 
products were analyzed by gas chromatography 
and it was found that methyl 2-acetyloxy- 
propanoate was produced in a yield of 4.6 per- 
cent, based on the vinyl acetate reactant charged. 

Example 6 

0.50 mmoles vinyl acetate and 25.0 mmoles 
methanol were charged into a 71 cc stainless steel 
bomb equipped with a glass liner and a Teflon 
coated stir bar. Ten mole percent, based on vinyl 
acetate, of a catalyst comprising Pd(P<j> 3 ) 4 plus 10 
mole percent HCI co-catalyst was added. 0.05 
mmoles toluene was included as an internal 
standard. Rve milliliters of tetrahydrofuran as a 
solvent were also included in the reaction system. 
The reaction mixture was charged under argon. 
The bomb was sealed and carbon monoxide at a 
pressure of 1000 psf (6395 kPa) (at room tempera- 
ture) was charged to the bomb, and the bomb 
was heated to 100°C and allowed to react for 44 
hours with stirring. At the termination of the 
reaction, it was found that the conversion of vinyl 
acetate was 100 percent The reaction products 
were analyzed by gas chromatography and it was 
found that methyl 2-acetyloxypropanoate was 
produced in a yield of 69.5 percent and that 
methyl 2-hydroxypropanoate was produced in a 
yield of 24.4 percent, based on the vinyl acetate 
reactant charged. Note that each of the products 
is hydrolyzable to lactic acid. The product solution 
was clear, with no precipitate evident 

Example 7 

5 mmoles vinyl acetate and 5 mmoles methanol 
were charged into a 71 cc stainless steel bomb 
equipped with a glass liner and a Teflon coated 
stir bar. One mole percent, based on vinyl acetate, 
of a catalyst comprising [RMCOjClla was added. 
0.05 mmoles toluene was included as an internal 
standard. Rve milliliters of tetrahydrofuran as a 
solvent were also included in the reaction system. 
The reaction mixture was charged under argon. 
The bomb was sealed and carbon monoxide at a 
pressure of 1000 psi (6,895 kPa) (at room tempera- 
ture) was charged to the bomb, and the bomb 
was heated to 100°C and allowed to react for 48.25 
hours with stirring. At the termination of the 
reaction, the reaction products were analyzed by 
gas chromatography and it was found that methyl 
2-acetyloxypropanoate was produced in a yield of 
0.14 percent, based on the vinyl acetate reactant 
charged. 

Example 8 

0.50 mmoles vinyl acetate and 2.5 mmoles 
methanol were charged into a 71 cc stainless steel 
bomb equipped with a glass liner and a Teflon 
coated stir bar. Ten mole percent based on vinyl 
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acetate, of a catalyst comprising Pd(0Ac) 2 was 
added 0.05 mmoles toluene was included as an 
internal standard, five mi! lifters of tetra hydro- 
furan as a solvent were also Included in the 
reaction system. The reaction mixture was 
charged under argon. The bomb was sealed and 
carbon monoxide at a pressure of 1000 psi (6,895 
kPa) (at room temperature) was charged to the 
bomb, and the bomb was heated to 100°C and 
allowed to react for 40 hours with stirring. At the 
termination of the reaction, the reaction products 
were analyzed by gas chromatography and it was 
found that methyl 2-acetyloxypropanoate was 
produced in a yield of 6 percent based on the vinyl 
acetate reactant charged. 

Example 9 

0.475 mmoles vinyl acetate and 2.5 mmoles 
methanol were charged into a 71 cc stainless steel 
bomb equipped with a glass liner and a Teflon 
coated stir bar. 2.2 mole percent based on vinyl 
acetate, of a catalyst comprising bisftriphenyV 
phosphine)dichloropalladium (<tbP) a PdCl a plus 4^ 
mole percent P$ 3 co-catalyst was added. 0.05 
mmoles of toluene was included as an internal 
standard. Five milliliters of tetrahydrofuran as a 
solvent were also included in the reaction system. 
The reaction mixture was charged under argon. 
The bomb was sealed and carbon monoxide at a 
pressure of 1000 psi (5,895 kPa) (at room tempera- 
ture) was charged to the bomb, and the bomb 
was heated to 100°C and allowed to react for 19.5 
hours with stirring. At the termination of the 
reaction, the reaction products were analyzed by 
gas chromatography and it was found that methyl 
2-acetyloxypropanoate was produced in a yield of 
84.3 percent and that methyl 2-hydroxy- 
propartoate was produced in a yield of 2.7 per- 
cent, based on the vinyl acetate reactant charged. 
Note that each of the products is hydrolyzable to 
lactic acid. Vinyl acetate conversion was 95.2%. 

Example 10 

0.57 mmoles vinyl acetate and 5 mmoles 
methanol were charged into a 71 cc stainless steel 
bomb equipped with a glass liner and a Teflon 
coated stir bar. 8.7 mole percent, based on vinyl 
acetate, of a catalyst comprising bisftriphenyl- 
phosphine)dichloropalladium (4»sP) 2 PdCI 2 was 
added. 0.05 mmoles toluene was included as an 
internal standard, five milliliters of tetrahydro- 
furan as a solvent were also included in the 
reaction system. The reaction mixture was 
charged under argon. The bomb was sealed and 
carbon monoxide at a pressure of 1000 psi (6,895 
kPa) (at room temperature) was charged to the 
bomb, and the bomb was heated to 100°C and 
allowed to react for 44 hours with stirring. At the 
termination of the reaction, the reaction products 
were analyzed by gas chromatography and it was 
found that methyl 2-acetyloxypropanoate was 
produced in a yield of 793 percent and that 
methyl 2-hydroxypropanoate was produced in a 
yield of 12.6 percent, based on the vinyl acetate 
reactant charged. Note that each of the products 



is hydrolyzable to lactic acid, so that the yield of 
products useful to make lactic acid was 92.5 
percent Conversion of vinyl acetate was 100 
percent 

5 

Example 11 

0.50 mmoles vinyl acetate and 2.5 mmoles 
methanol were charged into a 71 cc stainless steel 

io bomb equipped with a glass liner and a Teflon 
coated stir bar. 16.9 mole percent based on vinyl 
acetate, of a catalyst comprising PdfPcfe,)^ was 
added. 0.05 mmoles toluene was included as an 
internal standard. Five milliliters of tetrahydro- 

is furan as a solvent were also included in the 
reaction system. The reaction mixture was 
charged under argon. The bomb was sealed and 
carbon monoxide at a pressure of 850 psi (5,860 
kPa) (at room temperature) was charged to the 

20 bomb, and the bomb was heated to 100°C and 
allowed to react for 43.5 hours with stirring. At the 
termination of the reaction, the reaction products 
were analyzed by gas chromatography and it was 
found that methyl 2-acetyloxypropanoate was 

25 produced in a yield of 35.1 percent. 

Example 12 

0.486 mmoles vinyl acetate and 2.5 mmoles 
methanol were charged into a 71 cc stainless steel 

30 bomb equipped with a glass liner and a Teflon 
coated stir bar. 10.5 mole percent based on vinyl 
acetate, of a catalyst comprising bisttriphenyt- 
phosphine}dich!oropal!adium, {(p^P) 2 PdC\ 2/ was 
added. 0.05 mmoles toluene was included as an 

35 internal standard. Five milliliters of tetrahydro- 
furan as a solvent were also included in the 
reaction system. The reaction mixture was 
charged under argon. The bomb was sealed and 
carbon monoxide at a pressure of 1000 psi (6,895 

*o kPa) (at room temperature) was charged to the 
bomb, and the bomb was heated to 100°C and 
allowed to react for 44 hours with stirring. At the 
termination of the reaction, the reaction products 
were analyzed by gas chromatography and it was 

45 found that methyl 2-acetyloxypropanoate was 
produced in a yield of 68.5 percent 

Example 13 
0.542 mmoles vinyl acetate and 2.74 mmoles 

so methanol were charged into a 71 cc stainless steel 
bomb equipped with a glass liner and a Teflon 
coated stir bar. 5.2 mg. of P<t> 3 was added. 0.05 
mmoles toluene was included as an internal 
standard, five milliliters of tetrahydrofuran as a 

55 solvent were also included in the reaction system. 
The reaction mixture was charged under argon. 
The bomb was sealed and carbon monoxide at a 
pressure of 1000 psi (6,895 kPa) (at room tempera- 
ture) was charged to the bomb, and the bomb 

so was heated to 100°C and allowed to react for 44 
hours with stirring. At the termination of the 
reaction, the reaction products were analyzed by 
gas chromatography and it was found that no 
methyl 2-acetyloxypropanoate or 2-hydroxy- 

65 propanoate was produced. 
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Example 14 

0.548 mmoles vinyl acetate and 2.85 mmoles 
methanol were charged into a 71 cc stainless steel 
bomb equipped with a glass liner and a Teflon 
coated stir bar. No catalyst was added. 0.05 
mmoles toluene was included as an internal 
standard, five milliliters of tetrahydrofuran as a 
solvent were also included In the reaction system. 
The reaction mixture was charged under argon. 
The bomb was sealed and carbon monoxide at a 
pressure of 1000 psi (6,895 kPa) (at room tempera- 
ture) was charged to the bomb, and the bomb 
was heated to 100°C and allowed to react for 44 
hours with stirring. At the termination of the 
reaction, the reaction products were analyzed by 
gas chromatography and it was found that no 
methyl 2-acetyloxypropanoate or methyl 
2-hydroxypropanoate was produced. 

Example 15 

0.530 mmoles of vinyl acetate and 2.70 mmoles 
methanol were charged into a 71 cc stainless steel 
bomb equipped with a glass finer and a Teflon 
coated stir bar. One mole percent, based on vinyl 
acetate of HO was added. 0.05 mmoles toluene 
was included as an internal standard. Five milli- 
liters of tetrahydrofuran as a solvent were also 
included in the reaction system. The reaction 
mixture was charged under argon. The bomb was 
sealed and carbon monoxide at a pressure of 
1000 psi (6395 kPa) (at room temperature) was 
charged to the bomb, and the bomb was heated 
to 100°C and allowed to react for 44 hours with 
stirring. At the termination of the reaction, the 
reaction products were analyzed by gas 
chromatography and it was found that no methyl 
2-acetyloxypropanoate or methyl 2-hydroxy- 
propanoate was produced. 

Example 16 

1.2 grams of methyl 2-acetyloxypropanoate 
was hydro lyzed to lactic acid by adding rt with 
stirring to 15 mL of 2N aqueous HO solution. The 
reaction mixture was stirred at reflux for 4 hours. 
The reaction mixture was cooled to room 
temperature, and CaCO, was added slowly and 
carefully in small portions with stirring until the 
product solution was neutral to pH paper. Water 
was removed at high vacuum, and the white solid 
product was shown by NMR spectroscopy to 
contain 0.74 g of calcium lactate (84% yield). 

Example 17 
1.0 g 

OH 

I 

CH 3 CHC0 2 CH 3 

(9.6 mmol) was hydrolyzed to lactic acid by 
adding it with stirring to 20 mL of 2N aqueous HCI 
solution. The reaction mixture was stirred at 
reflux for 1 hour. The reaction mixture was cooled 
to room temperature and CaC0 3 was added 
slowly and carefully in small portions with stirring 



until the product solution was neutral to pH 
paper. Water was removed at high vacuum, and 
the white solid product was shown by NMR 
spectroscopy to contain 1.03 g of calcium lactate 
5 (98.3% yield). 

Claims 

1. A process for producing a 2-hydroxy acid 
io which comprises; 

(1) intimately admixing and reacting an enol 
acylate 

R 2 C=C— O-Acyl 
R 

with CO and a hydroxyl compound 

20 L 

/ 

HOC — L' 

\ 

L", 

25 

which is free of ethylenic or acetylenic unsatura- 
tion, to produce an acyloxy ester, 

OAcyl L 

30 I / 

(A) RjCHCCOaC — L' 

I ' \ 

R L", 

35 or a hydroxy ester 

OH L 

I / 

(B) RaCHCCOaC — L' 

40 I \ 

or both, wherein each R is H or C t to C30 
hydrocarbyl, usually H or C t to C 10 hydrocarbyl, 

45 and each R is the same or different, and L, L' and 
L" are each H or an organic radical and L and L' 
can be members of a ring together with C, and x is 
either zero or 1 as necessary to satisfy the valence 
of the carbon atom, and wherein each of U L', L" 

so and Acyl radicals can contain up to 30 carbon 
atoms, and wherein said enol acylate is free of 
acetylenic unsaturation and contains only one 
ethylenic double bond, and 

(2) hydrolyzing the products of step (1) 
55 compounds (A) or (B), or both, to produce said 

2-hydroxy acid, 

OH 

I 

so R 2 CHCC0 2 H. 



2. A process of claim 1 wherein each of L, L', L" 
and said acyl radicals can contain up to 10 carbon 
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atoms and wherein each R group is limited to a 
maximum of 10 carbon atoms, all of which are 
members of an open chain hydrocarbyl group. 

3. A process as claimed in claim 1 or claim 2 
characterised in that each of U L' and L" and the 
residue of the Acyl group attached to the Acyl 0 
atom is hydrocarbyl. 

4. A process as claimed in any of claims 1 to 3 
characterised for making lactic acid wherein each 
R is H. 

5. A process as claimed in daim 1 or 4 
characterised in that the hydroxy! compound 
reactant is C, to C 4 hydroxyalkane or phenol. 

6. A process for making ester precursors of 
2-hydroxy acids which comprises intimately 
admixing and reacting an enol acytate 

R 2 C=0— O— Acyl 

R 

with CO and a hydroxy* compound 
L 

/ 

HOC — L' 

\ 

which is free of ethyl eric or acetylenic 
unsatu ration, to produce an acyloxy ester, 

OAcyl L 

f / 

(A) RzCHCC0 2 C — L' 

I \ 
R L", 

or a hydroxy ester 

OH L 

I / 

(B) RaCHCCOaC—L' 

I \ 
R L" x 

or both, wherein each R is H or C, to 
hydrocarbyl, usually H or d to C, 0 hydrocarbyl, 
and each R is the same or different, and L, L' and 
L" are each H or an organic radical and L and L' 
can be members of ring together with C and x is 
either zero or 1 as necessary to satisfy the valence 
of the carbon atom, and wherein each of L, L', L" 
and said Acyl radicals can contain up to 30 carbon 
atoms, and wherein said enol acytate is free of 
ethylenic or acetylenic unsaturation and contains 
only one ethylenic double bond. 

7. A process as claimed in claim 6 characterised 
in that L, L', L" and said acyl radicals can contain 
up to 10 carbon atoms and wherein each R group 
is limited to a maximum of 10 carbon atoms, all of 
which are members of an open chain hydrocarbyl 
group. 

8. A process as claimed in claim 6 or claim 7 
characterized in that each of U L' and L" and the 



residue of the Acyl group attached to the Acyl 0 
atom is hydrocarbyl. 

9. A process as claimed in claim 6 characterised 
for making lactic acid precursors wherein each R 

5 is H. 

10. A process as claimed in claim 6 charac- 
terised in that the hydroxyl compound reactant is 
a C, to C 4 hydroxyalkane or phenol. 

to Patenrtansp ruche 

1. Verfahren zur Herstellung einer 2-Hydroxy- 
saure, das umfafit: 

(1) ein inniges Mischen und Reaktion eines 
ts Enolacylates 

RaC=f>-0— Acyl 
R 

2Q mit CO und einer Hydroxylverbindung 

L 

/ 

HOC— L' 

\ 

25 L", 

die frei ethylenischer oder acetylenischer Unge- 
sSttigtheit ist, urn einen Acyloxyester 

30 OAcyl L 

I / 

(A) RjCHCCO^ — L' 

I \ 
R 

3 * oder einen Hydroxyester 

OH L 

I / 

(B) RjCHCCOjC— L' 
40 | \ 

R L", 

oder beide herzustellen, worin jedes R, H 1st oder 
eine bis C^ Kohlenwasserstoffgruppe, 

45 gewohnlich H oder eine bis C, 0 Kohlenwasser- 
stoffgruppe, und jedes R gleich oder verschieden 
ist, und L, L' und L" jedes H oder ein organisches 
Radikal sind und L und L' Glieder eines Rings 
zusammen mit C sein konnenund X entweder 0 

so oder 1 ist wie dies notwendig ist, urn der 
Wertigkeit des Kohlenstoffatoms zu genugen, und 
worin jedes der L, L', L" und Acylradikale bis zu 
30 Kohlenstoffatomen enthalten kann, und worin 
das genannte Enolacyiat frei von acetylenischer 

55 Ungesattigtheit ist und nur eine ethylenische 
Doppelbindung enthait, und 

(2) Hydrolyse der Produkt von Schritt (1), 
Verbindungen (A) oder (B), oder beide, urn oben- 
genannte 2-Hydroxysaure herzustellen 

60 

OH 
I 

R 2 CHCC0 2 H. 
I 

65 R 
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Z Verfahren nach Anspruch 1, wobei jedes der 
U L', L" und der genannten Acytradikale bis zu 10 
Kohlenstoffatome enthalten kann und wobei jede 
R-Gruppe auf eine Hochstzahl von 10 Kohlenstoff- 
atomen begrenzt ist, wobei alle Glieder einer 
offenkettigen Kohlenwasserstoffgruppe and. 

3. Verfahren nach Anspruch 1 oder 2, dadurch 
gekennzeichnet dafi jedes der der L, V und L" 
und der Rest der Acylgruppe, der am AcyK)- 
Atom angebracht ist, eine Kohlenwasserstoff- 
gruppe ist 

4. Verfahren nach einem Oder mehreren der 
Anspruch e 1 bis 3, gekennzeichnet zur Her- 
steilung von Milschsiiure, wobei jedes R H ist 

5. Verfahren nach Anspruch 1 Oder 4, dadurch 
gekennzeichnet da& der Hydroxytverbindungs- 
Reaktand ein C, bis C 4 Hydroxyalkan oder Phenol 
ist 

6. Verfahren zur Hersteilung von Estervor- 
laufern von 2-Hydroxysauren, das umfaSt inniges 
Mischen und Reaktion eines Enolacylats 

R 2 C=C-0— Acyt 



mit CO und einer Hydroxylverbindung, 
L 

/ 

HOG-L' 

V 

die frei von ethyienischer oder acetylenischer 
Ungesflttigthett ist urn einen Acyloxy ester 

OAcyl L 

I / 

(A) R 2 CHCCOaC — L' 

I \ 
R L", 

oder einen Hydroxyester 

OH L 

I / 

(B) R 2 CHCC0 2 C— L' 

I \ 
R L", 

oder betde herzusteilen. wobei jedes R H ist oder 
eine C, bis C30 Kohlenwasserstoffgruppe, 
gewdhnlich H oder C, bis Ct 0 Kohlenwasserstoff- 
gruppe, und jedes R gleich oder unterschiedlich 
ist und L L' und L" jedes H oder ein organisches 
Radikal sind und L und L' Glieder eines Rings 
zusam men mit C sind und X entweder 0 Oder 1 ist 
wie dies notwendig ist, um der Wertigkeft des 
Kohlenstoffatoms zu genugen, und wobei jedes 
von U L', L" und genannten Acrylradikalen bis zu 
30 Kohlenstoffatome enthalten kann, und worin 
genanntes Enolacylat frei von ethyienischer oder 
acetylenischer Verunreinigung ist und nur eine 
ethylenische Doppeibindung enthalt 



7. Verfahren gemafi Anspruch 6, dadurch ge- 
kennzeichnet dafi L, L' und L" und obengenannte 
Acytradikale bis zu 10 Kohlenstoffatome enthalten 
konnen und worin jede R-Gruppe bis zu einer 

5 Hochstzahl von 10 Kohlenstoffatomen begrenzt 
ist, wobei alle Glieder einer offenkettigen Kohlen- 
wasserstoffgruppe sind. 

8. Verfahren nach Anspruch 6 oder 7, dadurch 
gekennzeichnet daft jedes von U L' und L" und 

10 der Rest der Acylgruppe, der an dem Acyl-O- 
Atom angebracht ist, eine Kohlenwasserstoff- 
gruppe ist. 

9. Verfahren nach Anspruch 6, gekennzeichnet 
durch die Hersteilung von Milchsaurevorlaufern, 

is wobei jedes R H ist 

10. Verfahren nach Anspruch 6, dadurch ge- 
kennzeichnet, daB der Hydroxyiverbindung-Reak- 
tand ein C, bis C 4 Hydroxyalkan oder Phenol ist 

20 Revendications 

1. Procede de production d'un acide 2- 
hydroxyte, qui comprend: 
(1) le fait de meianger intimement et de faire 
25 reagir un acylate d'enol 

R 2 C=C — O — Acyi 



avec du CO et avec un compose hydroxy^ 
L 

/ 

35 HOC — L' 

\ 

qui ne comporte pas d'insaturation ethylenique 
40 ou acetylenique, pour donner un ester acyloxyle, 

OAcyl L 

I / 

(A) R 2 CHCC0 2 C — L' 

45 | \ 

R L" x 

ou un ester hydroxyle 

OH L 

50 | / 

(B) R 2 CHCC0 2 C — L' 

I \ 
R L" x 

55 ou les deux, ou chaque R est H ou un groupe 
hydrocarbyle C, a C3 0/ habituellement H ou un 
groupe hydrocarbyle C t a C 10 , et ou chaque R peut 
etre le meme ou different; et ou L, L' et L" sont 
chacun H ou un radical organique et ou L et L' 

60 peuvent etre des elements d'un compost cyclique 
forme avec C, x etant soit zero soit 1 selon ce qui 
est necessaire pour satisfaire ia valence de 
I'atome de carbon e; et ou chacun de U L' ( L" et 
desdits radicaux acyle peut contenir jusqu'a 30 

65 atomes de carbone, et ou ledh acylate d'enol ne 
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comporte pas d'insatu risati on acetylenique at ne 
contient qu'une double liaison ethytenique, et 

(2) le fart cfhydrolyser las produits da i'etape 
(1), composes (A) ou (B), ou les deux, pour donner 
ledft acide 2-hydroxyle, 

OH 

I 

R 2 CHCC0 a H 
I 

R 



Z Precede salon la revendication 1 dans lequei 
chacun da U L', L", et desdrts radicaux acyie peut 
contenfr jusqu'a 10 atomes de carbone et dans 
lequei chaque groups R est limrta a un maximum 
de 10 atomes de carbone, dont tous sent 
mem b res d'un groupe hydrocarbyle a chaTne 
ouverte. 

3. Precede salon la revendication 1 ou la 
revendication 2, caracterise en ce que chacun de 
U L' et L" et le residu du groupe acyle lid a 
I'atome de I' acyie est le groupe hydrocarbyle. 

4. Precede salon Tune queiconque des 
revendi cations 1 a 3, caracterise* pour fabriquer de 
I'acide lactique dans lequei cheque R est H. 

5. Precede selon la revendication 1 ou 4, 
caracterise en ce que le reactif compose 
hydroxyle est une hydroxyalcane a C 4 ou un 
phenol. 

6. Precede de fabrication des precurseurs esters 
cTacides 2-hydroxyles, qui comprend le fait de 
melanger intimement et de faire reagir un acylate 
d'enol 

RaC^C-O-Acyl 
I 

R 

avec du CO et avec un compose hydroxyle 



L 

/ 

HOC — L' 

\ 



qui ne comporte pas d'insatu ration ethylenique 
ou acetylenique, pour donner un ester acyioxyle, 



15 



2D 



25 



30 



35 



40 



45 



(A) 



OAcyl L 

I / 
R 2 CHCC0*C— L' 

I \ 
R 



io ou un ester hydroxy^ 



(B) 



OH L 

I / 
R 2 CHCC0 2 C — L' 

I \ 
R L" 



ou les deux ou chaque R est H ou un groupe 
hydrocarbyle C, a C*y habituellement H ou un 
groupe hydrocarbyle a C, 0 , at ou chaque R peut 
etre le meme ou different; et ou U L' et L" sont 
chacun H ou un radical organique et ou L et V 
peuvent etre des elements d'un compost cyclique 
forme avec C, x etant soit zero sort 1 selon ce qui 
est necessaire pour satisfaire la valence de 
I'atome de carbone; et ou chacun de U L', L" et 
desdits radicaux acyle peut contenir jusqu'a 30 
atomes de carbone, et ou ledrt acylate d'6nol ne 
contient pas d'insatu ration ethylenique ou acety- 
tenique et ne contient qu'une double liaison 
ethylenique. 

7. Proc&Je* selon la revendication 6, caracterise 
en ce que l_ L', L" ainsi que lesdfts radicaux acyle 
peuvent contenir jusqu'a 10 atomes de carbone et 
dans lequei chaque groupe R est iimite a un 
maximum de 10 atomes de carbone, qui sont tous 
mem bras d'un groupe hydrocarbyle a chaine 
ouverte. 

8. Proc6d6 selon la revendication 6 ou la 
revendication 7, caracterise" en ce que chacun de 
U L' et L", ainsi que le residu du groupe acyie lie a 
I'atome 0 de r acyle est le groupe hydrocarbyle. 

9. Proc£de selon la revendication 6 caracterise 
pour fabriquer des precurseurs de I'acide lactique 
dans lesquelles chaque R est H. 

10. Procede selon la revendication 6, caracte>ise* 
en ce que le reactif compost hydroxyle* est un 
hydroxyalcane d a C 4 ou un phenol. 
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